ABSTRACT: The coexistence of degenerative disorders from the hip joint and the lumbar spine, known as "the hip-spine syndrome," is a common encounter in clinical practice. These degenerative conditions may cause similar symptoms which often entail diagnostic challenges in determining the origin of pain. Lumbar back surgery (LBS) with fusion and/or decompression, and total hip replacement (THR) are both often successful interventions. However, the knowledge is limited about the post-operative patient-reported outcome (PRO) following LBS in the presence of a prior THR. The aims of this study were to compare 1-year post-operative patient-reported outcome measures (PROMs) following lumbar back surgery (LBS) in patients with and without a prior total hip replacement (THR). Data from Swespine and the Swedish Hip Arthroplasty Register were linked in order to identify the study group of patients with THR prior to LBS. The study group (n ¼ 220) and a matched control group (n ¼ 220) with isolated LBS was defined by using a step-wise selection process. Linear-and logistic regression analyses adjusted for age, sex and pre-operative PROMs demonstrated that THR prior to LBS was associated with worse back-pain (VAS) at 1-year follow-up (B ¼ 5.3, 95%CI: 0.3; 10. 3). However, previous THR did not influence the EQ-5D index (B ¼ 0.01, 95%CI: À0.05;0.06), EQ VAS (B ¼ À3.0, 95%CI: À6.9;1.0), leg pain (B ¼ 1.5, 95%CI: À4.0;7.0), Oswestry Disability Index (B ¼ 2.6, 95%CI: À0.5;5.6) or satisfaction (OR ¼ 1.1, 97.5%CI 0.7;1.6). This knowledge is important to communicate prior to LBS in order to set proper expectations on surgical outcomes. ß
The concurrence of degenerative disorders from the hip and lumbar spine, known as "hip-spine syndrome," [1] [2] [3] [4] could be expected since up to 27% of patients above 45 years of age have hip osteoarthritis on plain radiographs 5 and 60% of patients above 60 years of age have a presence of lumbar stenosis on magnetic resonance imaging (MRI). 6 For patients who do not respond satisfactorily to non-surgical treatment, lumbar back surgery (LBS) with fusion and/or decompression, and total hip replacement (THR) are both often successful interventions. However, knowledge about the postoperative patient-reported outcome (PRO) following LBS in the presence of a prior THR is limited. Previous studies present favorable results of LBS in relieving back pain that remained after THR. 2, 3 Yet, no studies reflecting contemporary practice have to our knowledge investigated if the outcome of LBS is different for patients with a previous THR. Increased comorbidities affecting mobility and a combination of degenerative musculoskeletal disorders, such as a previous THR, could be expected to negatively influence the outcomes of LBS. In the literature, there are several different instruments used to measure outcome following LBS such as pain visual analog scale (VAS), Oswestry disability index (ODI), walking ability, and satisfaction with outcome. There are several studies reporting worse outcomes following LBS if there is a preoperative disorder affecting the patients walking capacity, such as hip osteoarthritis. [7] [8] [9] [10] [11] Conversely, absence of comorbidities (as measured by Charlson comorbidity index) and mobility disorders positively influence the outcomes of LBS. 7, 12 We aimed to investigate the influence of a previous THR on patient-reported outcome in patients undergoing LBS. For this purpose, we used PROMs available in Swespine; back and leg pain measured with a visual analogue scale (VAS), the health-related quality of life measure EQ-5D, ODI, and satisfaction with the outcome.
PATIENTS AND METHODS

Sources of Data
We obtained surgical-, demographical-, and PROMs data on patients with LBS and THR from Swespine 13 and the Swedish Hip Arthroplasty Register (SHAR) 14 from 2002 to 2012. Diagnoses included were central spinal stenosis with and without olisthesis and primary hip osteoarthritis. Included LBSs were lumbar spinal fusion, decompression, or combined fusion and decompression.
Swespine started in its present form 1996 and SHAR in 1979. Both registers gather prospective observational data on all surgical procedures to the spine and all hip replacement surgeries performed in Sweden, at both publicly and privately funded hospitals, respectively. Collected data are used to compare results across providers and to longitudinally monitor outcome with focus on diagnoses, implants used, surgical techniques, and complications. During the study period, the completeness of registrations has been reported to be 75-85% for Swespine 13 and 98.1% for SHAR. 14 The unique personal identity number given to all inhabitants in Sweden was used as the common identifier between registries. 
Outcome Measures
We obtained pre-operative and 1-year postoperative PROM data from Swespine. The PROMs were the EQ-5D health status questionnaire, 15 two visual analogue scales (VAS) for leg and back pain, respectively, 16 the ODI, 17 and at followup a question regarding satisfaction with the outcome. The EQ-5D health status questionnaire is one of the most commonly used health-related quality of life (HRQoL) instruments. 18 The EQ-5D descriptive system includes five dimensions of health: Mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension is covered by one question with three levels of severity: No problems, moderate problems, and severe problems. The descriptive system yields 243 possible health states. By applying weights given by a specific value set, each health state can be transformed into a single index which serves as an overall measure of HRQoL. We used the British timetrade-off value set to calculate the EQ-5D index. 19 The leg and back pain VAS ranges from 0 to 100, where 0 represents no pain and 100 worst possible pain. The ODI is frequently used for measuring the degree of disability and estimating the quality of life in a patient with low back pain. The self-completed questionnaire contains ten topics concerning intensity of pain, lifting, ability to care for oneself, ability to walk, ability to sit, sexual function, ability to stand, social life, sleep quality, and ability to travel. Each topic category is followed by six statements describing different potential scenarios in the patient's life relating to the topic. Each question is scored on a 0-5 scale with 0 indicating the least amount of disability and five indicating most severe disability. The scores for all questions are summarized and multiplied by two to obtain the index, ranging from 0 to 100. In the index, 0 is equated as with no disability and 100 is the maximum disability possible. 17 Additionally, at follow-up a question regarding satisfaction with outcome following LBS is measured using a three level Likert scale; 1 satisfied, 2 uncertain, and 3 dissatisfied. 13 All PROM-instruments in Swespine except for the satisfaction instrument are validated.
Patient Selection
We defined a study population including a study group and a matched control group from 2002 to 2012 (11 years) . The study population was retrieved from Swespine and consisted of patients with LBS with and without prior THR. We linked the two registers, using only patients with LBS due to a degenerative disorder (central spinal stenosis with and without olisthesis) from Swespine and patients with THR from SHAR. Based on the personal identity number (PIN), patients occurring in both registers were identified. Patients who only occurred in SHAR were excluded. We then applied a set of selection criteria in a step wise fashion to reduce heterogeneity. First, we applied selection criteria for LBS patients with or without THR using Swespine-data. We excluded second LBSs, LBSs performed prior to THR, LBSs due to other diagnosis than central spinal stenosis, LBSs other than decompression and/or fusion surgery, patients reoperated within 1 year and patients with missing background data or PROMs pre-or 1 year postoperatively. Second, we applied selection criteria for patients with both LBS and THR using SHAR data were we excluded all second THR procedures, resurfacing prosthesis, diagnoses other than primary osteoarthritis and surgical approaches other than lateral or posterior approaches (Fig. 1) . A control group of patients with LBS from Swespine but with no history of THR was selected by direct matching for age, sex, year of surgery, spinal diagnosis, type of surgery, and pre-operative PROM scores.
Statistical Methods
Raw data were summarized as frequencies for categorical data, and means and associated standard deviations for continuous data. Group comparisons were conducted with the Chi-square test for categorical and t-test for continuous variables.
The one-to-one matching was performed by using nearest neighbor matching, a non-parametric matching method. 20 Post-operative PROMs data were modeled with linear regression analysis with the post-operative value as outcome and THR as exposure. The model was adjusted for age, sex, and pre-operative PROM values. Pre-operative values were modeled in stepwise-linear regression splines that corrects to a certain extent the ceiling effect and with predicted postoperative values more likely to be in the appropriate range. 21 For satisfaction, response option 2 (uncertain) and 3 (dissatisfied) were merged to enable logistic regression analysis. In a separate linear regression analyses including only the group with THR prior to LBS, we investigated the association between time between the surgeries and outcomes. In a sub-analysis we also investigated the influence of type of surgery (decompression, decompression with fusion or fusion alone) on the outcomes. Statistical analyses were performed in R (Foundation for Statistical Computing, Vienna, Austria).
Ethical Considerations
Ethical review approval was obtained from the Regional Ethical Review Board in Gothenburg, Sweden, entry number 293-13.
RESULTS
There were 34,559 procedures in Swespine and 159,247 procedures in SHAR operated on from 2002 to 2012. After exclusion according to our selection criteria 8,364 patients remained. Using the selection criteria in Figure 1 , we identified a study group of 220 patients with THR prior to their LBS. The study group presents with mean PROMs for EQ-5D index 0.38 (SD 0.31), EQ VAS 48.8 (SD 22.5), back pain VAS 59.0 (SD 25.9), leg pain VAS 58.9 (26.0), and ODI score 44.5 (SD 14.8). For each patient, a matched control with no history of prior THR was successfully identified (Table 1) .
One year after LBS, patients with a prior THR reported significantly more frequently problems in the "mobility" (p ¼ 0.005) and "usual-activities" (p ¼ 0.03) dimensions of the EQ-5D. However, there were no significant differences between the groups regarding EQ-5D index (p ¼ 0.69), EQ VAS (p ¼ 0.14), satisfaction (p ¼ 0.29), back pain VAS (p ¼ 0.09), leg pain VAS (p ¼ 0.67), or ODI score (p ¼ 0.12) ( Table 2) .
Linear regression analyses adjusted for age, sex, and pre-operative PROM scores showed that THR prior to LBS was associated with worse back pain VAS, but no association with EQ-5D index, EQ VAS, leg pain VAS, or ODI-score. Logistic TOTAL HIP REPLACEMENT PRIOR TO LUMBAR SPINE SURGERY regression adjusted for age, sex and pre-operative PROM scores showed no association with satisfaction (Table 3) .
In a separate linear regression analyses including only the group with THR prior to LBS, we found no associations with time between the surgeries and patient-reported outcomes, (all p > 0.05). In the subanalysis were we investigated the influence of type of surgery (decompression with or without fusion and fusion alone) on the outcome, regression analyses showed no association between type of surgery and any of the outcome measures (Table 4 ). 
DISCUSSION
Summary of Findings
We linked data from Swespine and the Swedish Hip Arthroplasty Register to study the influence of a previous THR on patient-reported outcomes 1 year following LBS due to central spinal stenosis with and without olisthesis. We found problems more frequently in the "mobility" and "usual-activities" dimensions of the EQ-5D, and linear regression analysis showed a moderate association with worse back pain for patients with a history of THR compared to a matched control group when adjusted for pre-operative PROMs, age, and gender. However, there were no associations between a previous THR and EQ-5D index, EQ VAS, pain in leg, ODI score, or satisfaction. There was no association of time between surgeries or type of LBS procedure with the outcome. Linear and logistic regression analyses confirmed these relationships.
Significance of Findings in Relation to Previous Research
We aimed to investigate the influence of a previous THR on the outcomes of LBS due to spinal stenosis, as the knowledge on this topic is limited. We believe our findings provide a better understanding of what outcomes to expect following LBS for patients with a previous THR.
Although there is limited knowledge on the role of previous THR in back surgery outcomes, several studies have reported on the negative influence of simultaneous musculoskeletal comorbidity on LBS outcomes. In a meta-analysis including 21 studies, Aalto et al. 7 investigated preoperative predictors of clinical outcome following surgery for lumbar spinal stenosis. They found that better walking capacity before surgery predicted better walking capacity after spinal stenosis surgery, which also was associated with greater satisfaction. Conversely, preoperative walking impairment was associated with more pain at followup. In a prospective study investigating results 5 years after lumbar spinal stenosis surgery in 105 patients, J€ onsson et al. 8 demonstrated that patients with comorbidities influencing walking ability fared significantly worse than those without. They also found that 22% of patients eligible for back surgery had comorbidities affecting walking ability. The most common diagnoses were osteoarthritis of the hip or knee with a combined prevalence of 10%. A retrospective study of 438 patients with lumbar spinal stenosis 9 showed worse ODI scores for those with concurrent hip osteoarthritis after surgical decompression. Other studies have similarly reported worse results following LBS in the presence of comorbidities affecting walking ability. 10, 11 In a prospective study of 98 patients operated with decompressive lumbar laminectomy for spinal stenosis, Foulongne et al. 12 demonstrated that low Charlson comorbidity index scores was the strongest predictor of favorable functional outcomes.
To our knowledge, there are only two other studies particularly investigating LBS in patients with a previous THR. 2, 3 Both studies reported that patients with persistent low back pain following THR benefitted from LBS. However, those studies do not reflect contemporary orthopaedic surgery and include rather few patients.
We recently demonstrated that LBS prior to THR was associated with worse HRQol, more pain, and less satisfaction 1 year following THR. 22 We found that time between surgeries did not influence outcomes, which is consistent with the present study. Patients undergoing two surgeries for degenerative musculoskeletal disorders probably have more generalized degenerative disorders which likely influence the level of disability.
According to our results, patients with a THR prior to their LBS have more pain following LBS then patients without a previous THR. There are several possible explanations for this. One explanation could be that this group of patients wait longer before for their LBS is performed, and therefore, have a higher risk of developing chronic back pain during this time. Another explanation could be that the degenerative disease in multiple locations entail higher disability and less walking ability following LBS. [7] [8] [9] This could possibly restrict patients' ability to participate in physiotherpeutic rehabilitation and to carry out controlled exercises, which are among the most effective treatments for back pain. 23 However, several other studies report improvement of spine problems following hip surgery. [24] [25] [26] [27] [28] For instance, in a prognostic study Parvizi et al. showed that low back pain resolved in 113 (66%) of 170 patients following THR. 24 On a group level patients with degenerative conditions in both hip and spine seem to benefit from THR, and THR may help to postpone LBS for degenerative low back conditions. We believe our work contributes to the knowledge about the influence of previous surgery due to degenerative diseases in the lower back and hip. Importantly, previous research indicates that the combination of spine and hip problems prior LBS or THR surgery predispose worse patient-reported outcomes regardless of surgical order. However, patients with LBS prior to THR seem to have a less favorable result then those with THR prior to LBS. The knowledge of the influence of comorbidity is important information to communicate to patients eligible for LBS and THR to set appropriate expectations on the result of surgery.
Strengths and Limitations
Data stems from two well-established and thoroughly validated national quality registers. As such, the data reflect general orthopedic practice in Sweden which limits performance bias and increases generalizability.
Further strengths include the large number of patients available for the selection of study group and control groups. The precise matching procedure helped to reduce confounding bias and heterogeneity. The study had limitations. We have only investigated outcomes following LBS in patients with known prior THR. We acknowledge the lack of information on possible degenerative diseases that are treated nonsurgically in the hip or spine, respectively. The possible influence of other musculoskeletal conditions or presence of joint replacements in other locations was not adjusted for. In addition, other non-musculoskeletal comorbidities such as diabetes or cardiovascular diseases were not adjusted for. However, the matching on preoperative health status (as measured by the EQ-5D) reduce the possible influence of this limitation. We also acknowledge that the follow-up time of 1 year is also relatively short and that differences will adjust over time. As we only had access to data regarding patients operated up to 2012, the results may not reflect contemporary arthroplasty and spinal surgery care. Another limiting factor is the lack of analysis regarding the extent of surgery in terms of lumbar segments involved and sacral involvement. Finally, the study is limited to data available in the registries where clinical information such as radiographic outcomes and functional tests are not available. We did not include patients with LBS due to disc herniation in the study. We argued that the demography of these patients differs widely not only from the group of patients with lumbar spinal stenosis, spondylosis/ spondylolisthesis, but also from patients with hip osteoarthritis. Patients undergoing LBS due to disc herniation are younger (mean 45 years), healthier and time from the onset of symptoms and surgery is generally shorter compared with patients who received LBS. 13 Further Work To our knowledge, this and our previous work 22 represent the first efforts to combine hip arthroplasty register data with spine register data. To answer the question of where to perform surgery first, we advise a follow-up study investigating PROMs following THR and LBS, respectively, when there has also been previous surgery performed in the other location respectively within a relatively short period of time. In such a study it could be assumed there is a high chance of degenerative disease in both locations at the time of the first surgery. The result from such a study could give a reference where to perform surgery first, in the hip or the spine. 
CONCLUSION
This observational register study shows that patients with a previous total hip replacement have more back pain 1 year following lumbar back surgery compared to patients with no history of total hip replacement. However, a previous total hip replacement had no influence on health-related quality of life, leg pain, disability or satisfaction with the outcome 1 year following lumbar back surgery.
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